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INTRODUCTION
Stratigraphic refinement of the· upper Pliocene and lower Pleistocene beds of northeastern North Carolina i·s necessary because of the ambiguous terminology currently applied to these deposits. A major late Pliocene transgression left extensive clastic marine deBl B2 CONTRIBUTIONS TO STRATIGRAPHY posits in northeastern North Carolina and southeastern Virginia. These deposits have been variously assigned to formations that were deposited during other transgressive/regressive cycles and that are different lithic entities (for example, Yorktown Formation and "Croatan Formation"). I propose that the name Chowan River Formation be applied to these upper Pliocene beds. Recognition of the Chowan River Formation as a distinct lithic unit enables geologists to describe late Pliocene events in North Carolina more precisely. The Chowan River Formation is divided into two members: the lower, the Edenhouse Member, consists of marine shelly, silty sand; the upper, the Colerain Beach Member, is a sandy, silty, clayey deposit that locally contains trough crossbeds.
The James City Formation (lower Pleistocene) in North Carolina unconformably overlies the Chowan River Formation in the lower Pamlico River (Aurora) area, upper Miocene beds in its type area on the Neuse River, and Oligocene rocks in the New River area. The James City Formation is overlain by the Flanner Beach Formation (upper Pleistocene) . Mansfield (1943, p. 12) assigned beds along the Chowan River~ N.C., to the uppermost part of the Yorktown Formation, even though he recognized that the bed at Mount Gould Landing on the Chowan River is stratigraphically higher than the highest part of the Yorktown in Virginia. Hazel (1971 Hazel ( , 1977 also recognized that the Yorktown's Chowan River beds at Colerain Landing and Mount Gould Landing are younger than most Yorktown beds in the type area at Yorktown, Va. Ward and Blackwelder (1980) redefined the Yorktown Formation and recognized that the "Chowan River beds" unconformably overlie the Yorktown. Dall (1892, p. 205, 209) proposed the name "Croatan beds" for units along the Neuse River at Slocum Creek, 15 miles (24 km) below New Bern, and at Mallison's 13 miles (21 km) below New Bern. At these localities, upper Pleistocene material is well ex-posed, but lower Pleistocene beds. are poorly exposed. Mansfield (1928, p. 135) and MacNeil (1938, p. 19) recognized that DaB's "Croatan beds" contain both Pliocene (now known to be lower Pleistocene) and Pl,eistocene (now known to be upper Pleistocene) material and recommended that the Croatan be restricted to the older deposits. MacNeil (1938, p. 19) suggested that the Pliocene (now known to be lower Pleistocene) beds "on the right bank of the Neuse River 2 miles [3 km] below James City, Craven County, N.C. * * * might be regarded as the type section of the Croatan sand." Because this locality was not even mentioned by Dall (1892) and because these attempts to restrict the use of the term "Croatan" to the older beds .were not based on lithic criteria, I recommend that the term "Croatan" be abandoned and that the upper Pliocene part of the Croatan be assigned to the Chowan River Formation of the Chesapeake Group.
The Chowan River Formation is herein named for shelly, silty sand and for laminated and trough-crossbedded sand and silt found along the Chowan River. An exposure 250 m downstream from Colerain Beach (loc. 1) is designated the type section of the Chowan River Formation (figs. [1] [2] [3] . The Chowan River Formation pinches out to the south against a structural high at New Bern where lower Tertiary rocks crop out along the Neuse River. In this high area where the Chowan River Formation is absent, beds of the James City Formation directly overlie upper Miocene strata (between locs. 10 and 11) . The Chowan River Formation extends northward from the Pamlico River area near Aurora, N.C. (loc. 4), to near Norfolk, Va. (loc. 7) , where it consists of shelly marginal marine deposits.
The Chowan River Formation appears to be correlative with or partially younger than the Bear Bluff Formation ( fig. 4) , a calcareous unit in South Carolina, because both formations contain the mollusks Noetia limula (Conrad, 1832) and Glycymeris subovata of Thomas (1975, pl. 38, fig. 7 ). Both the Chowan River and Bear Bluff Formations lack guide fossils such as the mollusk genera Chesapecten, Ecphora, and Glossus, which are common in the Yorktown Formation. Glycymeris subovata of Thomas (1975) apparently became extinct shortly after deposition of the Chowan River and Bear Bluff Formations. Oaks and DuBar (1974) correlated the Bear Bluff Formation of South Carolina with a Virginia barrier and lagoonal deposit informally termed the "Moorings unit" by Oaks and others (1974) . The "Moorings unit" formed when the sea level was 36-37 m above present mean sea level. Oaks and others (1974) indicated that substantial erosion ..c
Vl .... followed the deposition of the ((Moorings unit" so that no traces of the deposit remain east of the Surry Scarp. The Chowan River ~ormation is divided into a lower unit composed of shelly and silty sand, the Edenhouse Member, and an upper unit composed of sand, silt, and clay, the Colerain Beach Member, defined and described below. Hazel, 1977) . Ranges of stratigraphically important mollusks are indicated at right; arrows indicate that ranges extend to older units.
EDENHOUSE MFJMBER
Shelly, silty sands, bioturbated in part, and exposed discontinuously along the Chowan River from Colerain Beach to Mount Gould and Edenhouse ( fig. 1, locs. 1, 8 , and 2) are herein named Hazel (oral commun., 1978) reported a faunal discontinuity in beds just below water level at Colerain Beach. The faunal discontinuity indicates that the uppermost Yorktown beds (Moore House Member of Ward and Blackwelder, 1980) are missing and that the Edenhouse Member lies directly on middle Yorktown beds (Morgarts Beach Member). At Rose Hill (loc. 6), beds tentatively correlated with this member overlie the Comfort Member of the Castle Hayne Formation (middle Eocene).
In the bluffs on the Chowan River downriver from Colerain Beach, the Edenhouse Member is leached and grades laterally into laminated clays containing very thin (1-to 3-mm-thick) lensoid sand partings. Locally, these silty clays are heavily bioturbated.
B10 CONTRIBUTIONS TO STRATIGRAPHY
The Edenhouse Member is overlain by estuarine deposits of the Colerain Beach Member. The contact between the two members varies from an apparently transitional contact to one indicating that erosion took place before deposition of the upper member. Near Aurora (loc. 4), the upper part of the Edenhouse Member is partially leached, indurated, and channeled, and beds of the James City Formation lie on this irregular erosional surface. The indurated parts represent the "boulder bed" of Gibson (1967) .
Mollusks indicate that the Edenhouse Member represents deposition in shallow marine waters of approximately 15-20 m depth; at Colerain Beach, this unit is a shallowing-upward sequence. The principal mollusk genera include: A rgopecten (pl. 1, fig. 2 ), Glycymeris (pl. 1, fig. 1 ), Astarte, Abra, Corbula, Cyclocardia, Parvilucina, Nucula, Crassatella (pl. 1,  fig. 3 ), and Crucibulum (pl. 1, fig. 4 ). Coral is also common. Bailey (1977) discussed the paleoecology of the various biofacies in this member.
Coral from the Edenhouse Member near Mount Gould, N.C., gives a He/U date of about 1.91 m.y. (million years) (M. E. Bender, written commun., 1976). Coral from the Chowan River Formation at Lee Creek, N.C. (loc. 4), was dated by Bender at 2.4 m.y. These dates suggest a late Pliocene age for this formation. However, the He/U techniques need further testing and may indicate only minimum ages. These two dates on the Chowan River Formation make good sense with respect to the stratigraphy and paleontology (see Hazel, 1977) .
COLERAIN BEACH MEMBER
Trough-crossbedded sand and silt overlying the Edenhouse Member along the Chowan River are herein named the Colerain Beach Member of the Chowan River Formation. The section near Colerain Beach (loc. 1) is designated the type section. The Colerain Beach Member is thickly bedded, although many thin laminations exist with a single bed. Within the crossbeds are large Iimonitized tubes. Toward the top of the unit, lenses of fossils contain Rangia, Corbicula, and Mercenaria, which indicate estuarine deposition. The brackish-water ostracodes Cyprideis and Cytheromorpha curta are common constituents.
Glycymeris subovata of Thomas (1975) is present, although it is rare and possibly is transported. The presence of Glycymeris subovata, the regressive nature of the deposits, and the gradational contact between the units in some places indicate that the Colerain Beach Member was deposited during the regressional phase of the sea that deposited the Edenhouse Member. The Cole-rain Beach Member is believed to be late Pliocene in age because of its close faunal relationship to the underlying Edenhouse Member.
In the type area, the Colerain Beach Member is overlain by crossbedded sand and gravel containing boulders. The contact of the Colerain Beach Member with this gravel is sharp and is at an altitude of about 7.5 m. In places, the current-bedded gravel has been deposited in large channels eroded into the Colerain Beach Member. Because of the substantial erosion of the Colerain Beach Member and because the sand and gravel overlying the member were deposited at altitudes· (greater than 22.5 m) about as high as those attained by early Pleistocene seas, the sand and gravel are tentatively assigned to the Windsor Formation of Coch ( 1968) . The Windsor Formation in Virginia was named by Coch (1968) for beach, nearshore, and lagoonal coarse sand, pebble gravel, and silty clay and sand that formed when sea level was 24-30 m above present mean sea level. Coch's Windsor was correlated with the Waccamaw Formation by Oaks and DuBar (1974) and is found east of the Surry Scarp in Virginia.
Outcrops of the Colerain Beach Member are known only from the Chowan River area. To the east, this unit has largely beenremoved by later marine transgressions. Near Aurora (loc. 4), the James City Formation lies directly on an eroded surface of the Edenhouse Member.
JAMES CITY FORMATION OF THE CHESAPEAKE GROUP
The Chow an River Formation is overlain by the James City Formation of DuBar and Solliday (1963) , herein adopted for U.S. Geological Survey usage. DuBar and Solliday (1963) proposed that the name "Croatan Formation" be abandoned because it had been used for two very different and unrelated lithic units. They named these units the James City Formation (now known to be of early Pleistocene age) and the Flanner Beach Formation (of late Pleistocene age). As discussed on page B3, I agree that the term "Croatan Formation" should be abandoned; I recommend that the lower Pleistocene part of the "Croatan" be assigned to. the James City Formation.
The James, City Formation is recognized to extend from the type area (loc. 11) to outcrops downriver along the Neuse River for about 20 km to the vicinity of Cherry Point Landing, Craven County, N.C. The James City Formation extends northward to Aurora (loc. 4) , where the deposit is very sandy and represents higher energy, less restricted conditions. To the south, the James City crops out at low tide on the right bank, near the mouth of the New River, N.C. (loc. 14), where it apparently overlies Oligocene beds that crop out nearby along the river (loc. 15). A unit approximately 30 m below the surface on Core Banks (locs. 12 and 13) is correlated with the James City Formation on the basis of the mollusks. The James City is correlated with the Waccamaw Formation in southeastern North Carolina and in eastern South Carolina. Akers (1972) Fallaw and Wheeler (1969) named beds originally part of the "Croatan sand" as the "Neuse Formation." However, the type section for the "Neuse Formation'~ is almost directly across the Neuse River, N.C., from the type section of the Flanner Beach Formation (DuBar and Solliday, 1963) . As the "Neuse Formation" is the same unit as the Flanner Beach Formation, I propose that the term "Neuse Formation" be abandoned. The Flanner Beach Formation is a :well-defined sequence of upper Pleistocene beds on the Neuse River, N.C. Mixon and Pilkey (1976) discussed the distribution of these upper Pleistocene deposits.
RELATION OF THE CHOW AN RIVER FORMATION AND THE JAMES CITY FORMATION TO GLOBAL CLIMATIC TRENDS
The unconformity between the Yorktown Form·ation (lower Pliocene) and the Chowan River Formation (upper Pliocene) was caused by erosion during a regression that ·can be related to global cooling and ice formation. This unconformity apparently coincided with:
5. The onset of cooling during the late Pliocene in the Mediterranean area (Thunell, 1979 ). 6. A cooling in New Zealand before 2.5 m.y. ago (Mathews and Curtis, 1966) . About 3 m.y. ago, the existing Arctic icecap formed (Berggren, 1978) .
The Chowan River Formation was deposited during a warming in the midJ.atitudes of the North Pacific (Keller, 1979a) and apparently predated South American glaciation (Mercer, 1978) . The Chowan River Formation was deposited after the early Blancan cold phase discussed by Berggren and van Couvering (1974) . This transgression in the Atlantic Coastal Plain probably reflects the worldwide melting of ice during a warm period.
The unconformity between the Chowan River Formation and the James City Formation was caused by erosion during a regression that coincided with global cooling and ice formation. Hays and others ( 1969) discussed a cooling trend in the Antarctic at the Pliocene-Pleistocene boundary, and Mercer (1978) discussed a thick South American till 2.0 m.y. to 1.86 m.y. old. Keller (1979a, b) recorded a significant increase in cool-water foraminifers in the midlatitudes of the North Pacific between 2.2 m.y. and 1.8 m.y. ago.
The James City Formation (lower Pleistocene) was deposited during a transgression that can be related to renewed global warming and ice melting. Keller (1979a) recorded a temperate period 1.8 m.y. to 1.2 m.y. ago in the midlatitudes of the North Pacific. This temperate period took place between cold events. The James City Formation correlates with a warm interval between South American glaciations (Mercer, 1978) and was deposited before a phase of ice rafting in the Atlantic and Pacific and prior to the onset of a prolonged cooling in the Antarctic. The earliest Pleistocene is now generally recognized to have been a warm interval; Selli (1967) suggested that the early Pleistocene in northern Italy represented a preglacial period.
LOCALITY REGISTER (FIG. I) [Left and right riverbanks refer to orientation of person facing downriver.]
1. Right bank of Chowan River, 1.9 km southeast of Colerain, Bertie County, N.C., 250 m downriver from the southernmost boat ramp, ·unmapped quadrangle. Type section of the Chowan River Formation and of its Colerain Beach Member.
